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FIELD OF THE INVENTION 

The invention relates to the field of computer-human interfaces. In particular, the 
invention relates to a pivoting input switch of a mobile device. 

BACKGROUND OF THE INVENTION 

5 Handheld computing devices are becoming increasingly popular for both business 

users and more general users. For example, handheld computer systems such as the 
3Com line of Palm handheld computers, the Handspring Visor line of handheld computer 
systems, and the Microsoft PocketPC have found widespread acceptance amongst people 
for the purpose of organizing their calendars and storing personal contact information. 

10 Such handheld computer systems are very popular because they are small enough 

to be carried all the time and do not require any "boot" time before entering an 
operational state. Thus, such handheld computer systems allow constant easy access to a 
large amount of personal information. 

Typically, these handheld computer systems contain computing applications such 
15 as (1) Personal Information Management (PIM) applications (e.g., an address book, a 

calendar, a memo pad, a To-Do list, etc.), (2) web browsing applications, (3) positioning 
{e.g., GPS) applications, (4) spreadsheet applications, etc. 

Several mobile devices that perform computing and telephony operations have 

been offered to date. These mobile devices, however, do not provide a multi-function 

20 input switch that simplifies the navigation of the phone and computing applications. 
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Therefore, there is a need for such an input switch that can control and simplify the 
operation of phone and computing applications of a mobile device. 
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SUMMARY OF THE INVENTION 

Some embodiments of the invention provide a mobile device that performs at 
least one mobile computing application and at least one phone application. This mobile 
device includes a pivoting input switch. This switch has a number of operational modes. 
Several of these operational modes direct the operation of the mobile computing 
application. In addition, several operational modes direct the operation of the phone 
application. 

In some embodiments, the switch pivots about a rotation axis to generate input 
signals during some of its operational modes. Examples of such a pivoting switch 
include a free-rotating dial and a rocking switch. In some embodiments, one mode of 
operating such a switch involves rotating the pivoting switch in the clockwise direction 
about the axis, while another mode of operating the switch involves rotating it in the 
counterclockwise direction. In some embodiments, the rotation of the switch directs the 
phone application to adjust the volume of a phone conversation. 

In some embodiments, the pivoting switch can also be operated by pressing in the 
switch. Another mode of operating the switch in some embodiments is to press in the 
switch and hold it in this state for a duration of time. In some embodiments, the press- 
and-hold operation directs the phone application to perform a redial operation. Also, this 
operation directs the phone application to terminate an active call session in some 
embodiments. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The novel features of the invention are set forth in the appended claims. 
However, for purpose of explanation, several embodiments of the invention are set forth 
in the following figures. 

Figures 1A and IB present perspective views of a mobile device of some 
embodiments of the invention. 

Figure 2 illustrates the software architecture of the device of Figures 1A and IB 
for some embodiments of the invention. 

Figure 3 illustrates a process for detecting a press and hold event in some 
embodiments. 

Figure 4 illustrates how the rotation, press, and press-and-hold operations of a 
pivoting switch of the device of Figures 1A and IB direct the interaction between a user 
and a phone application of the device. 

Figure 5 illustrates a dial-pad view presented by the phone application. 

Figure 6 illustrates a contacts view presented by the phone application. 

Figure 7 illustrates a call-history view presented by the phone application. 

Figure 8 illustrates a speed-dial view presented by the phone application. 
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Figure 9 illustrates an active-call view presented by the phone application. 




3 - 
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DETAILED DESCRIPTION OF THE INVENTION 



The invention provides method and apparatus for controlling a mobile device by 
using a pivoting input switch. In the following description, numerous details are set forth 
for purpose of explanation. However, one of ordinary skill in the art will realize that the 
5 invention may be practiced without the use of these specific details. In other instances, 
well-known structures and devices are shown in block diagram form in order not to 
obscure the description of the invention with unnecessary detail. 

Several embodiments of the invention will be described below by reference to 
Figures 1-9. Figures 1A and IB present perspective views of a mobile device 100 that 
1 0 performs both computing and telephony functions. This device is explained in detail in 
United States Patent Application entitled "Handheld Device", filed October 13, 2001, and 
having the same assignee as this application. This application is incorporated herein by 
reference. 

The handheld device 100 includes a touch-sensitive display screen 125 and a 
1 5 lid 120 that hingably connects to the front side of the device. Figure 1A illustrates the lid 
in a closed state that covers the display screen, while Figure IB illustrates the lid in an 
open state that does not cover the display screen. 

As shown in Figures 1A and IB, the front side of the device also includes several 
buttons 130. These buttons include the scroll-up and scroll-down keys 1 10 and 1 15. 
20 Some applications associate the scroll-up key with the upward or rightward navigation of 
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the application displayed on the display screen of the device, and associate the scroll- 
down key with the downward or leftward navigation of the application. Some 
applications might associate the pressing of keys 1 10 and 1 15 to signify other input 
commands. In a closed position, the lid extends over the display, leaving the buttons 130 
5 physically accessible to touch for receiving input. In this manner, the device can receive 
input from the application buttons in the lid closed state. 

The lid 120 includes a speaker 140 and a transparent portion 135. The transparent 
portion allows a user to see the display screen even when the lid is in the closed state. As 
further described below, this allows the user to use the device without opening the lid, 

10 which, in turn, makes the device more convenient and protects the display screen from 
unnecessary wear and tear. For example, a user can see the identity of who is calling on 
the display without opening the lid while at the same time providing a protective cover of 
the device's display. The lid itself can also be used to perform functions, as further 
discussed in United States Patent Application entitled "Handheld Device", filed October 

15 13, 2001 , and having the same assignee as this application. 

In the embodiments illustrated in Figure IB, the front side of the device also 
includes a keyboard 145, which is explained in the above-mentioned patent application. 
In these embodiments, the lid extends over the keyboard in the lid-closed state. One of 
ordinary skill will realize that in other embodiments the lid does not extend over the 
20 keyboard. Also, other embodiments include other types of keyboards, or include 

handwriting area for data entry, as explained in the above-mentioned patent application. 
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In some of these embodiments, the lid also extends over the other keyboard types or over 
the handwriting area, while in other embodiments it does not. 

As mentioned above, the handheld device 100 performs both computing and 
telephony functions. As a handheld computer, this device executes one or more common 
handheld computing applications, such as (1) Personal Information Management (PIM) 
applications (e.g., an address book, a calendar, a memo pad, a To-Do list, etc.), (2) web 
browsing applications, (3) positioning (e.g., GPS) applications, (4) spreadsheet 
applications, or other such applications. 

Device 100 not only serves as a handheld computer, but it also serves as a phone. 
For its phone functionality, the device includes a radio transceiver (not shown) that 
enables the device to communicate wirelessly with other devices. In some embodiments, 
this radio transceiver and its associated circuitry can be turned ON/OFF independently of 
some or all of the other circuitry of the device. 

In the embodiments described below, the device can engage in an active call when 
the radio in ON and either (1) the lid is in an open state (i.e., the lid has been rotated away 
from the display screen 125) such as the state illustrated in Figure IB, or (2) a single 
earpiece or full headset has been plugged into a headset plug-in socket 150 of the device 
100. One of ordinary skill will realize that these two latter conditions might not 
necessarily be required in other embodiments. For instance, so long as the radio is ON, 
some embodiments might default to a speakerphone functionality when the lid is closed 
and no headset has been plugged into the socket 150. 
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This device typically uses a phone application to interface with the user. The 
phone application has a user interface that gives a user multiple different views of 
information that allow a user to make telephone calls in a simple intuitive manner. In 
some embodiments, the telephone user interface includes four permanently available 
views and a fifth view that is available when there is an active incoming or outgoing 
telephone call. The five different views include a speed dial view, a dial pad view, a 
contacts view, a call history view, and an active call view. This telephone interface is 
described in United States Patent Application entitled "Method and Apparatus for 
Accessing a Contacts Database and Telephone Services", filed October 14, 2001, and 
having the same assignee as the current application. This application is incorporated 
herein by reference. 

As shown in Figures 1A and IB, the mobile device 100 includes a multi-function 
jog rocker 105. This rocker allows a user to interact in a variety of ways with the 
computing and phone applications of the device. Specifically, the jog rocker pivots about 
an axis in the clockwise and counterclockwise directions, as illustrated in Figures 1 A and 
IB. To pivot the rocker in the clockwise direction, the user pushes the rocker in that 
direction from a starting point to a first input-generating position. An input signal is 
generated when the rocker reaches the first input-generating position, and if the user 
keeps the rocker in this position, the input signal is repeatedly generated at a particular 
frequency. When the user releases the jog rocker, it returns to its starting position, as it is 
biased (e.g., through the use of a spring) to return to this position. 
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Similarly, to pivot the rocker in the counterclockwise direction, the user pushes 
the rocker in that direction from a starting point to a second input-generating position. 
An input signal is generated when the rocker reaches the second input-generating 
position, and if the user keeps the rocker in this position, the input signal is repeatedly 
generated at a particular frequency. When the user releases the jog rocker, it again returns 
to its starting position. 

In Figures 1A and IB, the jog rocker is positioned about the top-left side of the 
device 100. For such a position, some applications associate the clockwise pivoting of 
the jog rocker with the upward or rightward navigation of the application displayed on the 
display screen of the device, and associates the counterclockwise pivoting of the jog 
rocker with the downward or leftward navigation of the application. One example of 
such a movement is the scrolling through a list of telephone numbers, addresses, etc. The 
clockwise and counterclockwise pivoting of the jog rocker can also be used for adjusting 
the volume of phone conversations, as further described below. Some applications might 
associate such pivoting to signify other input commands. 

As shown in Figures 1A and IB, another mode of operating the jog rocker is to 
press it in towards its rotation axis (e.g., press in the rocker in a direction perpendicular to 
its rotation axis). In some applications, this pressing operation is associated with the 
selection of the item (e.g., a character or command) that is currently in focus (e.g., the 
item that is highlighted/bracketed, or that coincides with the position of a cursor). In 
some embodiments, pressing in the jog rocker while the device is OFF turns the device 
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ON. In some of these embodiments, such a press not only turns ON the device but also 
causes the operating system to launch a particular application (e.g., the phone 
application). Some applications might associate such pressing to signify other input 
commands. 

Yet another mode of operating the jog rocker 105 is to press the switch in, and to 
hold it in this state for a duration of time. In some embodiments, such a press-and-hold 
operation directs the phone application to perform a redial operation. Also, the press- 
and-hold operation directs the phone application to terminate an active call session in 
some embodiments. Some applications might associate the press-and-hold operation to 
signify other input commands. 

As mentioned above, the lid's transparent portion 135 allows a user to see the 
entire display screen even when the lid is in the closed state. In such a state, a user can 
interact with the graphical user interface ("GUI") of applications that are displayed on the 
display screen, through the jog rocker 105 and the front-side buttons 130 (which are 
physically accessible when the lid is closed). This allows the user to use the device 
discretely and protects the display screen from unnecessary wear and tear. It also 
simplifies the use of the device, especially because of the ergonomically-positioned jog 
rocker. 

Although device 100 includes a jog rocker 105, one of ordinary skill will realize 
that other embodiments might use a different type of pivoting switch. For instance, in 
some embodiments, the switch is a rotary dial that freely rotates in the clockwise and 
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counterclockwise directions about the rotation axis. Each rotation of this dial by a 
predetermined angle generates an input signal. 

One of ordinary skill will realize that device 100 can use a variety of different 
operating systems. Figure 2 illustrates a software architecture 200 for the device 100 that 
is based on the Palm Operating System (PalmOS). As shown in this figure, this 
architecture includes an input driver manager 205, two operating systems 210 and 215, 
several computing applications 220, and at least one phone application 225. 

The input driver manager 205 detects signals from the input keys and switches of 
the device. It relays these signals as events to the operating systems 210 and 215. In 
some embodiments, the input manager 205 uses similar data to represent scroll-up events 
generated by the scroll-up key 1 10 and the pivoting key 105, and similar data to represent 
scroll-down events generated by the scroll-down key 1 1 5 and the pivoting key 1 05. In 
some of these embodiments, the input manager simply differentiates between events 
generated by the scrolling keys 110 and 1 15 and events generated by pivoting the switch 
1 05 by setting a bit in the data packet to signify the source of the input signal as either a 
scrolling key 1 10/1 15 or the switch 105. 

Such representation allows a user to use the pivoting operations of the switch to 
emulate the pressing of the scrolling keys 110 and 115 when the user is interfacing with 
applications that have been coded without knowledge of the pivoting switch 1 05. On the 
other hand, the applications that have been coded with the knowledge of the pivoting 
switch 105 can use the switch's pivoting operations to signify different input commands 
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from the actuation of the scrolling keys 1 10 and 115. For instance, some applications 
might construe a clockwise rotation of jog rocker 105 to signify navigating upwards by 
one line-space unit, while construing the pressing of the scroll-up key 1 10 to signify a 
page-up command. 

5 The operating system 210 is the PalmOS, while the operating system 21 5 is a 

secondary OS. In some embodiments, the order at the top of the event handling hierarchy 
is as follows: (1) the secondary OS, (2) the primary OS, and (3) the current active 
□ application. As the secondary OS is higher on the event handling hierarchy, it might 
€J override some of the operations of the primary OS, 

jj:10 As shown in Figure 2, the computing applications 220 and the phone application 

225 interface with the operating systems. Through this interface, these applications 
T\ receive input events from the pivoting switch 105. As shown in Figure 2, these events 
S include (1) rotate clockwise events, (2) rotate counterclockwise events, and (3) press 
^ events. 

1 5 In the embodiments described below, the applications 220 and 225 identify press- 

and-hold events based on the duration of time that they receive press events. However, 
one of ordinary skill will realize that in other embodiments the press-and-hold events 
might be generated by other software modules, such as the input driver manager 205. 

Figure 3 illustrates a process 300 for detecting a press and hold event in some 
20 embodiments. This process is performed by applications 220 and 225 in some 
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embodiments of the invention. This process starts when an application receives a press 
event. 

As shown in Figure 3, this process initially sets (at 305) a timer. The process 
then determines (at 310) whether it is still receiving a press event. If not, the process ends 
5 without signaling a press-and-hold event. If the process determines (at 3 1 0) that it is still 
receiving a press event, it determines (at 3 1 5) whether the timer has expired. If so, it 
notes (at 320) that it has detected a press-and-hold event, and then ends. 

On the other hand, if the process determines (at 315) that the timer has expired, it 
transitions back to 3 10 to determine whether the application is still receiving a press 
10 event. In some embodiments, this transition back to 3 10 is delayed by a time interval that 
is short compared to the time before the expiration of the timer {i.e., compared to the time 
required for holding the switch in the pressed position to detect a press-and-hold event). 

As discussed above, rotating, pressing, and pressing-and-holding the pivoting 
switch 105 can initiate a number of different actions by different applications 220 and 
15 225. Figure 4 illustrates how the rotation, press, and press-and-hold operations of the 
pivoting switch 105 direct the interaction between a user and the phone application. One 
of ordinary skill will realize that this illustration provides only one exemplary design 
regarding how the pivoting switch can allow the user to interact with the phone 
application; numerous other designs are also possible. 

20 In the example illustrated in Figure 4, it is assumed that the device can engage in 

an active call as its radio in ON and either (1) the lid is in an open state such as the state 
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illustrated in Figure IB, or (2) a headset has been plugged into the socket 1 50 of the 
device 100. When the lid is closed and no headset has been plugged into the socket, the 
embodiments describe below do not transition to the dial or redial states described below, 
until the user has either opened the lid or plugged in a headset. However, as mentioned 
above, other embodiments might allow a user to initiate a call even when the lid is closed 
and no headset has been plugged into the socket. 

In the embodiments illustrated in Figure 4, the phone application's user interface 
provides the above-mentioned five views, which include a speed-dial view, a dial-pad 
view, a contacts view, a call-history view, and an active-call view. Figures 5-9 present 
an example of each of these views. These views are further described in United States 
Patent Application entitled "Method and Apparatus for Accessing a Contacts Database 
and Telephone Services", filed on October 14, 2001, and having the same assignee as the 
current application. 

Figure 4 illustrates a state diagram that describes how the rotation, press, and 
press-and-hold operations of the pivoting switch 105 direct the operation of the phone 
application. In this diagram, four states represent the permanent active views of the 
phone applications. These states are the speed-dial view 405, the dial-pad view 410, the 
contacts view 415, and the call-history view 420. 

While the phone application is in any one of these four states, the clockwise and 
counterclockwise operations of the jog rocker 1 05 causes the phone application to 
navigate to the next selectable item that is above or below the current item in the view, as 

1 5 Atty.Docket No.: HAND.P0012 



shown in Figure 4. In the dial pad view, the selectable entries are telephone numbers that 
have been recently entered through the dial pad. Initially, to see the first telephone 
number in the title bar 505 of the dial pad view illustrated in Figure 5, the user needs to 
rotate jog rocker in one particular direction (e.g., rotate the rocker clockwise); each 
subsequent rotation of the jog rocker brings to the title bar the next previous number on 
the dial-pad's list, and this number replaces the previous number displayed in the title bar. 

In the contacts view, the selectable entries are names 605 and telephone numbers 
610 as illustrated in Figure 6. In the call-history view, the selectable entries are the 
names 705 or telephone numbers 710 of the most recent incoming, outgoing, and missed 
calls, as illustrated in Figure 7. In the speed dial view, the selectable entries are the 
names 805 associated with commonly called telephone numbers, as illustrated in 
Figure 8. 

A selectable item that is in focus in any one of the views can be selected by 
pressing in the pivoting switch 105. In the speed-dial, dial-pad, and call-history views, 
the selection of any name or number causes the phone application to transition to a dial 
state 425, as shown in Figure 4. As farther shown in this figure, the selection of a 
telephone number in the contacts view also causes the phone application to transition to 
the dial state 425. 

At the dial state 425, the phone application dials the selected telephone number or 
dials the number associated with the selected name. If the phone number that is dialed 
picks up, then the phone application transitions to the active call state 435, which will be 
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described below. On the other hand, the call can terminate before the dialed number 
picks up. In some embodiments, a user can terminate the call by operating the pivoting 
switch. For instance, in some embodiments, the user can terminate an attempted call by 
pressing in the pivoting switch, while in other embodiments the user needs to press-and- 
5 hold the pivoting switch to terminate an attempted call. 

When the call terminates before the dialed number picks up, the phone application 
transitions back to one of the four views 405-420. In some embodiments, the phone 
e , application transitions back to the state that it was in prior to the dial state. In other 
,S embodiments, the phone application transitions back to a default view state (e.g. , the dial- 
Si 10 pad state) of the phone application. 

sJT: 

^ Figure 4 also illustrates that the phone application transitions from each of the 

j*j four permanent view states 405-420 to a redial state 430 when the user presses in the 
£ pivoting switch 105 and holds this switch in this position for a duration of time. In some 
M= embodiments, the phone application in the redial state 430 dials the telephone number of 
1 5 the most recent call or attempted call. If the phone number that is dialed picks up, then 

the phone application transitions to the active call state 435, which will be described 

below. 

The redial attempt can terminate before the dialed number picks up. A user can 
terminate the call by pressing or pressing-and-holding the pivoting switch as described 
20 above. When the redial attempt terminates before the dialed number picks up, the phone 
application transitions back to one of the four views 405-420. As mentioned above, the 
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phone application might transition back to the state that it was in prior to the dial state, or 
to a default view state (e.g., the dial-pad state). 

As mentioned above, the phone application transitions to the active-call state 435 
from either the dial state 425 or the redial state 430. The phone application also enters 
this state when the user receives an incoming call While in the active-call state, the 
phone application provides the user with the active-call view, which is illustrated in 
Figure 9. 

In the active-call state, the phone application associates clockwise or 
counterclockwise rotation of the pivoting switch as attempts to increase or decrease the 
volume of the phone conversation, as illustrated in Figure 4. When the phone 
application detects such attempts, it displays a volume-indication box that specifies the 
current volume of the headset, and adjusts the volume accordingly so long as it does not 
exceed the headsets maximum and minimum thresholds. Pressing in the pivoting switch 
dismisses the volume-indication box in some embodiments. Also, in some embodiments, 
a user can terminate an active call by pressing-and-holding the pivoting switch 105. Once 
an active call has been terminated, the phone application transitions back to one of the 
four views 405-420. For instance, in some embodiments, the phone application 
transitions back to the default view state (e.g., the dial-pad state) of the phone application. 

For situations where the lid 120 is closed but a headset has been plugged into 
socket 150, the example presented in Figure 4 illustrates a situation where a user through 
the pivoting switch 105 can operate the device while the lid is closed. Numerous other 
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examples exist for using the device through the switch 105 and front-side input buttons 
130 while the lid is closed. 

The following provides one such example for some embodiments. While the lid 
is closed, the user can turn ON the device by pressing the pivoting input switch 105. The 
user can then initiate an Internet browsing application through one of the input buttons 
130. The user can then use the switch 105 to interact with the browser to surf the web. 
To browse e-mails, the user could perform the same sequence of operations, except for 
using the input buttons to launch an e-mail application instead of a browser. 

The jog rocker 105 provides an incredibly simple and yet powerful mechanism for 
allowing the user to interact with applications that are displayed on the display screen 
while the lid is open or closed. When the lid is closed, the jog rocker also allows the user 
to be discrete since the user can operate the rocker with one hand. 

While the invention has been described with reference to numerous specific 
details, one of ordinary skill in the art will recognize that the invention can be embodied 
in other specific forms without departing from the spirit of the invention. Thus, one of 
ordinary skill in the art would understand that the invention is not to be limited by the 
foregoing illustrative details, but rather is to be defined by the appended claims. 
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